Objective: The cAMP/protein kinase A (PKA) pathway plays an important role in endocrine tumorigenesis. PKA is a heterotetramer with two regulatory subunits (four genes: PRKAR1A, PRKAR1B, PRKAR2A, PRKAR2B) and two catalytic subunits. Inactivating PRKAR1A mutations have been observed in Carney complex and a subset of adrenocortical tumors (ACT). This study was designed to search for other alterations of PKA in ACT, and to establish their correlation with the clinical characteristics. Methods: In this study, 35 ACT (10 non-secreting adrenocortical adenomas (ACA-NS), 13 cortisolsecreting adenomas (ACA-S), and 12 malignant s (ACC)) were studied. PKA subunits were studied by western blot and RT-qPCR. The PKA activity was measured. Results: A subgroup of ACA-S with a 96% R2B protein decrease by comparison with normal adrenal (4.1%G4 vs 100%G19, P!0.001) was identified, ACA-S2 (6/13). By contrast, no differences were observed in ACC and ACA-NS. The level of R1A mRNA was decreased in ACA-S (P!0.001), but not the level of R2B mRNA. No mutation of the R2B gene was detected in ACA-S2. The ACA-S2 group with loss of R2B protein showed a threefold higher basal PKA activity than the ACA with normal R2B protein (3.37G0.31 vs 1.00G0.20, P!0.0001). The ACA-S2 tumors with the loss of the R2B protein presented a homogenous phenotype and were all small benign cortisol-secreting tumors. Conclusion: This loss of PRKAR2B protein due to a post-transcriptional mechanism in ACA-S is a new mechanism of cAMP pathway dysregulation in adrenocortical tumorigenesis. It defines a new subtype of secreting adenomas with high basal PKA activity presenting a homogenous clinical phenotype.
Introduction
Sporadic unilateral adrenocortical tumors (ACT) can be classified as benign adrenocortical adenomas (ACA) and malignant adrenocortical cancers (ACC). The symptoms due to ACA can be caused by steroid excess in the case of secreting adenomas (ACA-S), but most ACA are nonsecreting (ACA-NS). On the other hand, the consequences of ACC can be due to both steroid oversecretion and tumor growth or metastasis. Most ACA-S are small welldifferentiated tumors with a low tumor growth potential. Although various molecular alterations have been reported in ACT (1) , the molecular and cellular mechanisms leading to these very different clinical phenotype and tumor growth potentials are poorly understood.
The cAMP/protein kinase A (PKA) pathway plays an important role in endocrine tumorigenesis (2, 3) . Various components of this pathway have been implicated in adrenocortical tumorigenesis, including the adrenocorticotropin (ACTH) receptor, the Gas subunit of Gs protein, the PKA regulatory subunit type 1 A (PRKAR1A), and more recently the phosphodiesterase PDE11A (4) (5) (6) (7) (8) (9) . The PRKAR1A gene was found to be responsible for most cases of primary pigmented adrenocortical disease (PPNAD), a rare cause of ACTHindependent Cushing syndrome (10, 11) . Germline PRKAR1A-inactivating mutations were found in both patients with isolated PPNAD (5) and those with Carney complex (CNC) (11) , a multiple neoplasia syndrome with PPNAD as its main endocrine manifestation (12) . We have also observed somatic PRKAR1A mutations and R1A down-regulation in a subset of sporadic-secreting ACA (13) .
PKA is a heterotetramer consisting of two regulatory and two catalytic subunits. Two major isoenzymes, termed PKA type I and II, have been identified based on their patterns of chromatographic elution (14) . The characteristics of type I and type II PKA depend mainly on the structure and proprieties of the regulatory subunits. Four regulatory subunit (R) isoforms (R1a, R1b, R2a, and R2b) and three isoforms for the catalytic subunit (Ca, Cb, and Cg) have been identified in humans. The type I PKA contains either regulatory subunit R1a or R1b and the type II PKA contains either regulatory subunit R2a or R2b. The four types of regulatory subunits have different expression patterns in mammals. The expression of PRKAR1A and PRKAR2A is almost ubiquitous. PRKAR1B is expressed in the brain, testis, and lymphocytes. PRKAR2B is expressed in the brain, adipose tissue, and in some endocrine tissues (15, 16) . In vitro studies suggest distinct properties between type I and type II PKA; type I would be related to cell proliferation, whereas type II would be involved in tissue differentiation. However, in vivo studies are not so clear-cut and some observations suggest the possibility of a compensatory regulation between type I and type II (17) . This tight regulation between type I and type II PKA rises up the possibility that subunits of PKA other than PRKAR1A could be altered in endocrine tumorigenesis.
The aim of this study was to search for alterations of the various subunits of PKA in ACT which do not have a somatic PRKAR1A mutation and their consequences on PKA activity. Dramatic alterations of PRKAR2B were observed in a subset of ACA that present homogenous alterations of PKA activity and subunit expression. These PKA alterations are associated with a homogenous tumor phenotype responsible for Cushing syndrome and presenting a very low growth potential.
Materials and methods

Patients and tumor collection
Thirty-five patients (29 women and 6 men, aged 15-77 years, see Tables 1 and 2 ) with ACT were included in this The ACA-S group is divided in the table between the ACA-S1 and ACA-S2 according to their R2B protein status (ACA-S2 group presenting a decrease in the R2B protein as determined by western blot analysis in the results). The age represents the age at surgery. F, female, M, male. The weight and dimensions of the tumor were determined by the pathologist (* the 82 g tumor was associated with a hematoma and the weight represents the tumor associated with the hematoma). Hormonal investigations performed in the same laboratory (Cochin Hospital are given) are given and the normal range are for urinary free cortisol (UFC) !90 mg/day and for adrenocorticotropin (ACTH) 20-60 pg/ml. For the hormonal investigations not performed in the central laboratory interpretation of the results are only given (N, normal, L, low, and H, high, by comparison with normal values of the local laboratory). For each group, the lower lines give the sex repartition or the meanGS.E.M. study. Here, 10 patients presented with non-functioning ACA (ACA-NS), 13 with cortisol-secreting adenomas without R1A mutation (ACA-S), and 12 with ACC. The hormonal investigations were performed as previously reported (5, 6) . To detect the cortisol-secreting tumors at least three of the following hormonal investigations were performed: urinary free cortisol, plasma ACTH, midnight plasma or salivary cortisol, and cortisol response to overnight or low-dose dexamethasone test. An ACA was classified as ACA-NS when the clinical signs of Cushing syndrome were lacking, or moderate and non-specific, and when the cortisol investigations were in the normal range. When the clinical signs of Cushing's syndrome were present and when at least three of the biological parameters were clearly abnormal, an ACA was classified as secreting (ACA-S). Adrenocortical tissues dissected from six normal adrenals (NA) collected during surgery for tumor of the kidney or juxta-adrenal tumors presenting like nonsecreting incidentaloma were also studied.
Tumor and tissue fragments obtained during surgery were immediately dissected by the pathologist, frozen, and stored in liquid nitrogen until use. The tumor weight and size were determined by the pathologist after periadrenal fat removal. For diagnosis and scoring, the tumors were fixed in formalin, embedded in paraffin, and 4 mm sections were cut and stained with hematoxylin and eosin. Pathological data were assessed according to Weiss criteria. All ACA had a Weiss score !2. Informed signed consent for tumor analysis and for access to the data collected was obtained from all the patients, and the study was approved by an Institutional Review Board (Comité Consultatif de Protection des Personnes dans la Recherche Biomédicale, Cochin Hospital, Paris).
Western blot analysis
Western blot analysis of regulatory R1A, R2A, and R2B subunits and Ca catalytic subunit were done in all ACT samples with monoclonal antibodies specific for R1A, R2A, R2B, and Ca from BD Transduction Laboratories (Lexington, KY, USA) at dilutions specified by the manufacturer, as described previously (11, 18) . After exposure, the films were scanned, and the signals were digitized by the GeneTools w 1.0 analysis system.
Immunohistochemistry
Four micron sections from formalin-fixed tissue embedded in paraffin were mounted on Superfrost/Plus glass slides. The paraffin was eliminated by incubating the sections in xylene followed by rehydration. The slides were incubated with monoclonal antibodies specific for R2B (BD Transduction Laboratories, San Diego, CA, USA) at a dilution of 1:500 for 30 min at room temperature. The sections were then incubated with the streptavidinbiotin-peroxidase complex and the marker was detected by the enzymatic precipitation of 3.3 0 -diaminobenzidine tetrahydrochloride in 0.5 mmol Tris. The slides were counterstained with Mayer hematoxylin. 
Sequencing analysis of the PRKAR2B gene
Quantitative RT-PCR
Real-time PCR was performed using the Light Cycler apparatus (Roche Diagnostics GmbH). For mRNA PRKAR1A and PRKAR2B analysis, cDNA was available for four non-secreting adrenal adenomas and nine cortisolsecreting adenomas. PCRs were performed in a 20 ml final volume, 0.5 mM oligonucleotide, 3.5 mM MgCl 2 , and the Fast Start DNA master SYBR Green (Roche) according to the manufacturer's recommendations. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) mRNA was amplified as the internal control. The primers used were as follows. For PRKAR1A: sense, 5 0 -AAT GGC CGC TTT AGC CAA AGC C and antisense, 5 0 -TTC TCC AAA GCT CCC TCC TTC; for PRKAR2B: sense, 5 0 -GGT GTT GGA AGA TGT GTT GGT A and antisense, 5 0 -CTT TTT GTT ACG GTT TTT CTC T, and for GAPDH amplification sense, 5 0 -GCC ACA TCG CTC AGA CAC CA and antisense, 5 0 -TTC CCG TTC TCA GCC TTG AC. Annealing was performed at 56 8C for PRKAR1A amplification, 58 8C for PRKAR2B, and 60 8C for GAPDH. Product specificity was controlled by melting curve analysis and migration on a 1% agarose gel. All the reactions were performed in duplicate. Results were analyzed with the software of the Light Cycler apparatus (Roche Diagnostics GmbH). Standard curve is determined by the use of a plasmid containing the PCR productamplified form cDNA made from RNA extracted from the H293 cell line and cloned in pGEM-T Easy, as reported previously (13) .
PKA activity
PKA activity was measured in tumor samples using Peptag w non-radioactive cAMP-dependent protein kinase assay (V5340; Promega). All the samples were treated together, in duplicates. All samples were deposed in the same electrophoretic gel and the density under u.v. light was simultaneously measured using the Genetools 1.0 software (SYNGENE, Frederick, Maryland, USA). The basal PKA activity represents the difference between the ratio of the phosphorylated and the non-phosphorylated forms, without PKA inhibitor (PKI) and with PKI (40 ng/ml, Promega). The total PKA activity is the difference between the ratio of the phosphorylated and the non-phosphorylated forms after stimulation with 1 mM cAMP, without PKI, and with PKI. The kinase activity in the presence of PKI is extremely low (!5%) confirming the high specificity of the activity assayed.
Statistical analysis
The results are expressed as the meanGS.E.M. Comparisons between groups were done using unpaired t-test (Statview software version 5.0, SAS Institute, Cary. North Carolina, USA) and P!0.05 was accepted as statistically significant.
Results
Clinical characteristics
The patients with benign ACA were 20 females and 3 males, with a mean age of 50G2.8 years (range 26-71) and a mean tumor weight 23.4G3.5 g. Thirteen presented with a cortisol-secreting ACA (ACA-S) and all of them were females. The age at surgery and tumor weight were not significantly different in the ACA-S group and the non-secreting ACA (ACA-NS) group; the mean age was 46.3G2.9 and 54.9G5 years respectively (PZ0.32) and the tumor weight was 19.2G3.5 (range 8-25.2) and 28.9G6.3 (range 10-82) respectively. Patients with an adrenocortical carcinoma (ACC) were nine females and three males, with an age (46.3G 6.2 years) not different from the patients with an ACA. As expected, the tumor weight of ACC was higher than that of ACA (520G236 g vs 23.4G3.5 g, P!0.01).
Western blot studies
The evaluation of the relative expression of different PKA regulatory subunits was done by western blotting in 23 adrenal adenomas and 12 adrenal carcinomas (Fig. 1A) . A value of 100% has been arbitrarily given to the mean value of the NA. Western blotting with a R2B-specific antibody showed a considerable heterogeneity of R2B protein expression levels within the group of cortisolsecreting adenomas. This striking difference in R2B level led to the identification of a specific ACA-S subgroup that was virtually devoid of R2B protein termed ACA-S2 (6/13, ratio R2B/actin!0.2). Western blot analysis quantification showed a 96% decrease of R2B protein in the ACA-S2 group compared with that of NA (4.1%G3 vs 100%G 19 in NA (P!0.001)). By contrast, in the other ACA-S, termed ACA-S1, the R2B levels were not decreased in comparison with NA (215%G40 vs 100%G19 in NA). The R2B level in the ACA-S2 group was also significantly lower than those in the other groups of tumors (136%G 26 in ACA-NS (P!0.01), 123%G20 in ACC (P!0.001)). A significant R2A protein decrease was also noted in the ACA-S2 group (7%G2) compared with NA (100%G25, P!0.05) but also with ACA-S1 (63%G 19, P!0.05) and ACC (57%G9, PZ0.001). The level of R1A in ACA-S2 was not different from that in NA (51%G 11 vs 100%G34, PO0.05) but was significantly lower than that in ACA-S1 (169%G35, P!0.05) and ACA-NS (102%G10, P!0.01). The level of Ca was not significantly different in ACA-S2 when compared with that in 832 C Vincent-Dejean, L Cazabat and others
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www.eje-online.org NA (100%G16 vs 100%G18, PO0.05). However, interestingly, the level of Ca was higher in ACA-S1 (237%G38) than in the other groups of tumors (100%G 16 in ACA-S2 (P!0.01), 126%G10 in ACC (P!0.01)) and in NA (100%G18 (PZ0.01); Fig. 1B) .
On the whole, it is important to note that the differences between NA and ACT were observed only for secreting adenomas. R2B and R2A are lower in ACA-S2 while Ca was higher in ACA-S1. This should lead to PKA dysregulation and increased enzymatic activity. No significant differences in the levels of the various PKA subunits could be detected between the NAs and ACC or ACA-NS (Fig. 1) .
Interestingly, a positive correlation between the several regulatory subunits of PKA was observed in adrenal adenomas (data not shown), suggesting the existence of a coordinate fine tuning of their expression in ACA. In particular, a very significant correlation was noted between R2B and R2A proteins (rZ0.82, P!0.0001). On the contrary, there was no correlation between regulatory subunits in adrenal carcinomas, suggesting that the balance and the regulation of the expression of the PKA subunits in these cancers is regulated by clearly different mechanisms than those in adenomas.
Immunohistochemistry
Immunohistochemistry studies confirmed the dramatic reduction of R2B protein in the ACA-S2 subgroup of cortisol-secreting adenomas (Fig. 2) . The adenomas from the ACA-S2 group were devoid of immunoreactivity with the R2B-specific antibody. On the contrary, the adenomas without R2B reduction by western blot (ACA-S1) and the non-functioning adenoma (ACA-NS) studied showed a strong cytoplasmic immunopositivity in more than 10% of the cells.
PRKAR2B sequencing analysis
In order to understand the molecular mechanisms of the R2B decrease in ACA-S2, we first searched for PRKAR2B somatic mutation in tumoral DNA extracted from the 5/6 available cortisol-secreting adenomas from the ACA-S2 group. No somatic mutation was found by sequencing the 11 exons of the PRKAR2B gene. Some polymorphisms of the PRKAR2B gene were found without any consequence at the protein level. They were also present on germline DNA. Five intronic polymorphisms were found, the most frequent (4/5 ACA-S2) being a c741C46 TOC, registered as rs3729876 in Ensembl genome database. One polymorphism in the coding region of PRKAR2B (c.1227GOA, pThr409Thr, rs257376 in Ensembl genome database) was detected in 3/5 tumors. The frequency of these polymorphisms seems similar to those reported in the European population.
Quantitative RT-PCR
Since no somatic mutation of PRKAR2B gene was found in cortisol-secreting adenomas with a reduction in R2B protein, we looked for a transcriptional defect of R2B mRNA. PRKA R1A and R2B mRNA expression levels were studied by quantitative real-time PCR. A significant decrease in PRKAR1A expression was observed in the ACA-S by comparison with the ACA-NS studied (P!0.001; Fig. 3A) . The level of R2B mRNA expression was not decreased significantly in cortisol-secreting adenomas in particular in the ACA-S2 subgroup (Fig. 3B) , suggesting that the R2B protein decrease is due to a post-transcriptional alteration in ACA-S2 tumors.
PKA activity
In order to investigate the effect of R2B decrease on the cAMP/PKA signaling pathway, we performed PKA activity analysis on the available tumor samples in the ACA-S1 and ACA-S2 groups: 6/7 ACA-S1 (sample ACA # 15 was not available) and 5/6 ACA-S2 (sample ACA # 21 was not available) were studied for PKA activity. The basal PKA activity in the ACA-S2 group was more than threefold higher than that in the ACA-S1 group (3.37G 0.31 vs 1G0.20, P!0.0001; Fig. 4A ). There is no overlap in the basal PKA activity between the two groups (Fig. 4B) . However, the PKA activity stimulated by cAMP (Fig. 4C and D) was not significantly different between that of the ACA-S1 group and that of the ACA-S2 group (0.65G0.15 vs 1G0.14, PZ0.24).
Discussion
Various cellular and molecular alterations have been described in ACT. Some alterations such as TP53 mutations or IGF-II uniparental disomy are observed in malignant tumors, whereas others like b-catenin mutations can be observed both in ACA and in ACC (19) (20) (21) . The cellular and genetic alterations that lead to an activation of the cAMP pathway are usually observed in benign unilateral or bilateral cortisol-secreting tumors (22) . Alterations of membrane receptor expression are observed very frequently in macronodular adrenocortical hyperplasia, a form of bilateral benign ACT (23) . The case of ectopic expression of the gastric inhibitory peptide (GIP) receptor is the best illustration of this phenomenon in patients with food-dependant Cushing's syndrome. The ectopic expression of the GIP receptor which leads to the stimulation of cAMP production can also be observed in some rare ACA (24) . Germline or diffuse mosaic genetic defects as ACTH-R, Gas, PRKAR1A, or PDE11A4 mutations are responsible for bilateral cortisol-secreting ACT (7, 9, 25) . Somatic mutations of Gas and PRKAR1A have been observed rarely in secreting benign unilateral ACT (8, 13) . On the other hand in ACC a decreased expression
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The present study is in agreement with the hypothesis that alterations leading to stimulation of the cAMP pathway might be frequently involved in benign ACT, especially cortisol-secreting tumors. Several R1A abnormalities have been described in some sporadic endocrine tumors such as 17q22-24 losses in macronodular adrenal hyperplasia (29) , somatic PRKAR1A mutation in thyroid cancer (18) , low or absent expression of R1A protein in GH-producing adenomas (30) , giving clues about endocrine tumorigenesis. Concerning adrenal tumorigenesis, in a previous study, we have observed somatic PRKAR1A mutations and R1A down-regulation in a subset of secreting ACA presenting some clinical homology with PPNAD (13) . Since somatic mutations of Gas and PRKAR1A are observed in a small proportion of secreting ACA (8, 13) , we postulated that other alterations of PKA could be observed in these tumors.
Our results demonstrate in a series of ACT that the deficiency of PKA regulatory subunit 2B (PRKAR2B) is a common event in cortisol-secreting ACA, which could involve up to 50% of these adenomas. A very recent study suggests that R2B loss could be constant in ACA-S (31). However, our results suggest that the PRKAR2B status in ACA-S is more complex; two group of ACA-S can be defined according to their R2B levels. Since PRKAR1A germline mutations have been described in the CNC, most studies focus on R1A. This finding confirms that PKA regulation might be more complex than was initially thought, and that type II PKA alterations might play a role in endocrine tumorigenesis. It is striking that the phenotype of the ACT with R2B loss is quite homogenous, since it was not observed in cancer or non-secreting tumors. Interestingly, these benign tumors with R2B loss are all small and tend to be smaller than the benign adenomas that did not exhibit R2B loss. There is no clear difference in the steroid levels between ACA-S1 and ACA-S2 (urinary free cortisol levels, plasma cortisol levels, androgens levels). However, studies on a larger group of tumor might allow the detection of subtle differences. The clinical characteristics of these adenomas that were both secreting and small are similar to the phenotype of adenomas harboring a somatic PRKAR1A mutation (13) . However, one clear difference between those two groups of benign secreting tumors with PKA dysregulation is the response to exogenous glucocorticoids. The secreting adenomas with R2B protein loss (ACA-S2) do not show a 'paradoxical' response to dexamethasone, unlike the subset of secreting ACA with somatic PRKAR1A mutation (13) . None of the patients included in the present series with an ACA-S2 presented a paradoxical response to dexamethasone (data not shown). Therefore, from the clinical point of view, subtle differences can be observed among these two groups of adenomas that are quite similar at the first look.
At the level of enzymatic activity, the ACA with R2B loss clearly have an increased basal PKA activity. The R2B-deficient mice display a lean phenotype, nocturnal hyperactivity, and increased resting metabolic rate (32, 33) . There is no mention about the endocrine tissues in this model. In tissue from these knockout mice the basal PKA activity is increased. In ACT with R2B loss, the stimulation of PKA activity can be explained by the preservation of the catalytic subunit. In this case, the R2B/ Ca ratio would favor an increased PKA activity. Esapa et al. also observed that an alteration of the catalytic subunit of PKA is detected neither in thyroid tumors nor in pituitary adenomas (34) . The tendency for a decreased level of R2A and R1A proteins in the ACA-S2 group might also take part in this stimulation of basal PKA activity. Clearly, in these adenomas, the R2B decrease is not compensated by overexpression of the other regulatory subunits. The analysis showed a positive correlation between R2B and The results are expressed as copies of PRKAR1A relative to GAPDH (four ACA-NS, five ACA-S1, and four ACA-S2). The level of R1A mRNA was decreased significantly in the nine cortisol-secreting adenomas (ACA-S) studied (P!0.001). (B) The figure shows the results of PRKAR2B mRNA quantification as determined by realtime PCR. The results are expressed as copies of PRKAR2B relative to GAPDH (four ACA-NS, five ACA-S1, and four ACA-S2). The level of R2B mRNA was not decreased significantly in cortisol-secreting adenomas in particular in the ACA-S2 subgroup.
R2A proteins in adrenal adenomas; when R2B protein is decreased, R2A is also decreased but to a lesser extent. Moreover, we have not found by microarray a significant difference in the R2A mRNA levels between ACA-S2 and the other adenomas (J Bertherat, unpublished observations). In other models, it has been hypothesized that mechanisms exist to coordinately regulate the intracellular levels of R and C protein such that cAMPdependent regulation is preserved. PKA R2B knockout mice showed a R1A protein compensation in white adipose tissue where R2B protein is usually highly expressed (32) . This R1A compensation does not involve transcriptional or translational control; this seems to be explained by R1A protein stabilization with a longer halflife. The dramatic reduction of R2B protein in ACA-S2 also seems to be due to a post-trancriptional mechanism. It is explained neither by somatic PRKAR2B mutation nor by a down-regulation of R2B mRNA. The discrepancy between R2B mRNA and protein levels suggests the existence of a high rate of protein degradation in adrenal adenomas. This hypothesis has also been made in GH-secreting pituitary adenomas that present with R1A protein decrease but neither PRKAR1A mutation nor R1A mRNA decrease (30) .
The expression of R1A is elevated in a variety of human non-endocrine cancers, including breast and colorectal cancers. This overexpression of R1A has also been associated with poor prognosis in patients with ovarian cancer (35) . The stimulation of cell proliferation by silencing of PRKAR2B in the mouse adrenocortical cell line Y1 has been reported recently (31) . In our study, the pattern of expression of R1A and R2B in the ACC was apparently not altered. The decrease observed in secreting ACA is clearly not present in ACC. This suggests that PKA clearly plays a different role in the development of malignant ACT than that in benign tumors (26) . One could even speculate that the stimulation of PKA activity due to the decreasing level of PKA regulatory subunits in secreting adenomas might stimulate cellular differentiation in such a way that tumor growth would remain quite well-controlled.
Conclusion
The state of the various subunits of PKA varies between ACC and ACA, likely reflecting different pathogenic mechanisms. R2B protein is dramatically decreased in half of the cortisol-secreting adrenal adenomas that do not have a R1A mutation by a post-transcriptional mechanism. This inhibition of PRKAR2B in cortisolsecreting adenomas is a new mechanism of cAMP pathway Figure 4 PKA activity in secreting adenocortical adenomas. (A and B) Basal PKA activity determined in the ACA-S1 and ACA-S2 using Peptag assay. The histogram shown in (A) represents the mean value of PKA activity in respectively five ACA-S2 and six ACA-S1. A dramatic increase in the basal PKA activity is observed in the ACA-S2 group of secreting adenomas presenting a very low R2B protein level (*P!0.001). Individual values are given in (B) and demonstrate that there is almost no overlap between the ACA-S1 and ACA-S2 groups. The cAMP-stimulated PKA activity represented as mean for each group or individual results (C and D) is not significantly different between the ACA-S1 and the ACA-S2 groups. dysregulation in adrenocortical tumorigenesis. It defines a new subtype of secreting ACAwith high basal PKA activity associated with a homogenous clinical phenotype.
